We assessed the prevalence of elevated quantitative latex agglutination assay for D-dimer in patients in the emergency department in whom pulmonary embolism (PE) was excluded. D-dimer was normal (<230 ng/mL) in 435 (83%) of the 522 patients. D-dimer was normal in 88% of the patients with musculoskeletal or related chest pain, 74% with pleurisy or pleuritic chest pain, and 85% with upper respiratory tract infection. D-dimer was 230 to 500 ng/mL in 65 (75%) of the 87 in whom D-dimer was elevated. Clinical probability was low in 31 (48%) of the 65 patients with D-dimer levels of 230 to 500 ng/mL. D-dimer was 230 to 500 ng/mL and clinical probability was low in 31 (36%) of the 87 patients who had computed tomographic (CT) angiograms because of elevated D-dimer. Negative likelihood ratio for PE is sufficiently low that PE can be excluded with reasonable certainty in such patients. Tailoring cutoff value to 500 ng/mL in patients with low clinical probability would have reduced CT angiograms by 36%.
D-dimer, especially when combined with an objective clinical assessment, is useful for the exclusion of pulmonary embolism (PE), thereby eliminating the need for further testing. 1 Many illnesses, trauma, and surgery may cause elevations in D-dimer, so an elevated D-dimer is not specific for PE. [2] [3] [4] For this reason, D-dimer testing is most useful in the emergency department, because fewer emergency department patients than hospitalized patients have associated conditions that elevate D-dimer. 2, 5 Although illnesses or symptom complexes commonly seen in the emergency department that may include PE in the differential diagnosis may be accompanied by an elevated D-dimer, the usual extent of elevation has been sparsely described. Numerous computed tomographic (CT) pulmonary angiograms are obtained in the emergency department because of elevated levels of D-dimer in patients in whom PE is an unlikely diagnosis. Large numbers of patients, therefore, are exposed to ionizing radiation, which hopefully could be avoided. In the present investigation, we assess the levels of D-dimer in patients with illnesses or symptom complexes that included PE in the differential diagnosis, but in whom PE was excluded. Our intention is to obtain further data on false positive D-dimer elevations with commonly seen conditions in the emergency department, with the hope of applying this information to decrease the number of unnecessary CT pulmonary angiograms.
Methods
This is a retrospective cohort study of patients with suspected PE to determine the specificity of latex-derived, turbidometric immunoassay for D-dimer in the emergency department. Records were reviewed of all patients seen on the emergency service of a community hospital (St Mary Mercy Hospital, Livonia, Michigan) from January 1, 2011, to December 31, 2011, in whom a D-dimer was obtained and in whom a CT pulmonary angiogram was performed if the D-dimer was elevated. Interpretations of CT pulmonary angiograms were accepted without rereading for this investigation. Patients were excluded if the D-dimer was obtained because of suspected acute deep venous thrombosis (DVT). Patients were also excluded if the D-dimer was elevated, but no CT angiogram was obtained. We included only patients who had clinical features that raised a suspicion of PE. Patients were excluded if D-dimer was obtained as a routine for symptoms or illnesses that did not raise a suspicion of PE. D-dimer was measured with a HemosIL latex-derived turbidometric immunoassay (Instrumentation Laboratory, Lexington, Massachusetts) using a Beckman/Instrumentation Laboratory Model: ACL 9000 (MYCO Instrumentation Source, Inc. Bonney Lake, WA). The cutoff value recommended by the manufacturer was 230 ng/mL. At this cutoff value, the manufacturer reported a sensitivity of 100% and specificity of 35.9% in a sample population of 78 patients confirmed as having venous thromboembolism (31 PE and 47 DVT) and 222 patients confirmed as negative (HemosIL D-Dimer manual).
Clinical probability of PE was assessed from the medical records by the revised Geneva score 6 ( Table 1) . We interpreted PE to be absent if the D-dimer level was <230 ng/mL, and clinical probability by the Geneva score was low or intermediate probability (score 10), or if the CT pulmonary angiogram was interpreted as not showing PE.
Statistical Analysis
A paired t test was used to assess the differences in D-dimer means within each age group using InStat version 3.0 GraphPad Software (San Diego, California). InStat version 3.0 GraphPad Software was also used to calculate the 95% confidence intervals (CIs). P < .05 was considered statistically significant. Specificity is defined as the ratio of number of patients with normal D-dimer to number of patients with PE absent.
Results
Measurements of D-dimer were obtained in 794 patients. Among these, 79 were excluded because D-dimer was obtained for suspected DVT rather than for PE, and 71 were excluded because D-dimer was elevated (!230 ng/mL), but CT pulmonary angiography was not obtained. Among the remaining 644 eligible patients, 522 had clinical findings that raised a suspicion of PE ( Table 2 ). All had either a normal D-dimer level (<230 ng/mL) in combination with a low or intermediate objective clinical probability based on a Geneva score 10 or a CT pulmonary angiogram that showed no PE.
Age of the included patients was 43 + 18 years (mean + standard deviation). In all, 93 (18%) of the 522 were aged 60 years or older. Age was skewed from a normal distribution toward a younger population. Among patients of all ages, 68% were female. Race was recorded in 459 patients, among whom 79% were white and 19% were black.
Among patients with conditions that raised a suspicion of PE, D-dimer was <230 ng/mL in 435 (83%) of 522. The most frequent clinical finding for which D-dimer was obtained because of a suspicion of PE was chest pain in 39% of the included patients ( Table 2 ). Chest pain may have been listed as musculoskeletal chest pain, costochondritis, chest wall pain, thoracic pain, chest wall strain, chest wall syndrome, rib contusion, or rib pain. Among patients with chest pain, 88% had a D-dimer <230 ng/mL ( Table 2 ). Among those with pleurisy or pleuritic chest pain, D-dimer was normal in 74%. With upper respiratory tract infection, D-dimer was normal in 85%, but with pneumonia it was normal in 58%. Those with chronic obstructive pulmonary disease (COPD) and those with acute coronary syndrome, although few in number, showed normal D-dimer in 50% and 40%, respectively ( Table 2) . D-dimer was between 230 and 500 ng/mL in 65 (12%) of the 522 patients who had clinical findings that raised a suspicion of PE. Among patients in whom D-dimer was elevated beyond the recommended cutoff of 230 ng/mL, it was between 230 and 500 ng/mL in 65 (75%) of the 87 patients (Table 3) . Clinical probability of PE was low (0-3 by Geneva scoring system) in 31 (48%) of the 65, with D-dimer elevation between 230 and 500 ng/mL. Consequently, 31 (36%) of the 87 patients who had CT pulmonary angiograms because of an elevated D-dimer had D-dimer of 230 to 500 ng/mL and low clinical probability. D-dimer was higher in patients aged 60 years or older than in younger patients (P < .0001; Figure 1 ).
Discussion
D-dimer measured by a quantitative latex agglutination assay was normal (<230 ng/mL) in 83% of the patients in whom PE was considered in the emergency department of a community hospital. Most elevations of D-dimer were between 230 and 500 ng/mL. D-dimer was 230 to 500 ng/mL and clinical probability was low in 31 (36%) of the 87 patients who had CT pulmonary angiograms because of an elevated D-dimer. Tailoring the cutoff value to 500 ng/mL in those with a low probability clinical assessment would reduce the number of CT pulmonary angiograms required.
The specificity of 83% that we observed was higher than that usually reported. Systematic review showed a specificity for PE of 44% by quantitative latex agglutination assays at a similar cutoff value of 250 ng/mL. 4 The higher specificity that we observed may relate to the high proportion of patients in our population who had nonspecific chest pain, musculoskeletal chest pain, upper respiratory infection, and syncope or near syncope. We showed that such patients usually have normal D-dimer. Patients with conditions known to have elevated D-dimer tests, which would result in a low specificity for PE, include those with neoplasms, 2 trauma, 3 recent surgery, 3 and pregnancy. 7 Such patients were not in the population of emergency department patients that we evaluated. Most patients with elevated D-dimer by quantitative latex agglutination assay showed levels between 230 and 500 ng/mL, which is in the range of normal for rapid enzyme-linked immunosorbent assay (ELISA). 4 The proportion of patients with PE increases according to the level of D-dimer. 8,9 D-dimer concentrations are highest in patients with PE in the pulmonary trunk 10 and with perfusion scan defects involving >50% of the lung. 11 Only 2% of the patients with D-dimer <500 ng/mL measured by rapid ELISA or quantitative latex agglutination assay had PE. 8 There is sparse published information on the specificity of D-dimer with conditions that raise a suspicion of PE. Kabrhel et al 3 showed 39% of false positive D-dimer in asthma patients in the emergency department, but we showed fewer, that is, 18%. They showed false positive D-dimer in 61% with COPD, and we showed 50% false positive in a small number of patients.
In small number of patients we showed that 42% with pneumonia had an elevated D-dimer. Plasma D-dimer levels increase with severity of community-acquired pneumonia. 12 Nonspecific chest pain was shown by others, as we showed, to be the most frequent discharge diagnosis in emergency department patients in whom PE was ruled out. 13, 14 Among 1070 patients in whom PE was ruled out, Bagattini et al 13 showed 31% had a discharge diagnosis of nonspecific chest pain. In our study when we included pleuritic pain, 44% had nonspecific chest pain. They showed pleuritis in 7.5% as the discharge diagnosis, and we showed it in 4.2%. Bagattini et al 13 showed pneumonia in 6.0% and we showed it in 2.0%. In general, the frequencies of various conditions in which PE was suspected were similar to the frequencies that we observed. 13 We showed, as others, that the proportion of patients with abnormal D-dimer increases with age. 3 Normal D-dimer levels are uncommon in patients older than 80 years of age. 15, 16 D-dimer assays differ in sensitivity and specificity among patients with suspected PE. 4 In patients with suspected PE, the values of sensitivity for the ELISA and quantitative rapid ELISA were significantly superior to those for quantitative latex agglutination, semiquantitative latex agglutination, and whole blood agglutination assays. 4 The conventional ELISA is considered a reference standard for determination of D-dimer concentration. 4 The conventional ELISA is not practical for use in the diagnosis of PE, because it is laboratory intensive. 4 Availability in most centers is limited. The quantitative rapid ELISA uses an antibody to D-dimer that is fluorescent labeled. An automated immunoanalyzer provides a numerical result. Results can be obtained in approximately 35 minutes. The semiquantitative rapid ELISA employs an antibody to D-dimer that is tagged to a color-producing agent. Plasma D-dimer concentration is quantified from the degree of color intensity produced. The qualitative rapid ELISA involves the detection of D-dimer by an anti-D-dimer monoclonal antibody coupled with alkaline phosphatase. Activity is revealed by the addition of a substrate that causes a color change. The intensity of the color is read visually by comparison with a positive and negative control. Results of the semiquantitative rapid ELISA and qualitative rapid ELISA are typically obtained within 10 minutes or less. 4 Quantitative latex agglutination assays use monoclonal antibodies to D-dimer that are coated onto latex particles. In the presence of D-dimer, the particles aggregate to form larger aggregates and results in the decreased light scattering. Quantification of the D-dimer concentration is done with an analyzer that detects agglutination and precipitation turbidimetrically.
Results are obtained in 7 to 15 minutes. 4 Semiquantitative latex agglutination assays rely on the use of monoclonal antibodies to D-dimer that are coated onto latex particles. Macroscopic agglutinations are seen when elevated D-dimer levels are present in the plasma. Results are obtained in 3 to 4 minutes. The most frequently studied whole blood assay uses a freshly collected drop of capillary or venous whole blood mixed with a conjugate of monoclonal antibody to D-dimer. The latter is linked to a monoclonal antibody to human red blood cells. Visible agglutination of red cells takes place in the presence of elevated D-dimer levels. Interpreter experience is important due to the difficulty in discriminating between weak positive and normal results. Results are available in 2 minutes. 4 The clinical utility of the D-dimer assays is limited by the nonspecificity of a positive result because of factors such as inflammation, trauma, and surgery. The clinical utility of D-dimer assays may be higher in outpatients as a result of a lower frequency of disorders, leading to an elevated measurement. Among patients hospitalized on a general internal medicine ward, D-dimer plasma concentration using ELISA exceeded the cutoff of 500 ng/mL in many illnesses, including pulmonary infection, neoplasia, coronary, and cerebrovascular disorder. 2 D-dimer levels also may be elevated in patients after trauma and surgery. 3 D-dimer levels may be elevated in patients with a history of DVT or PE. 17 In pregnancy, D-dimer levels increase with the gestational period. 7 However, during the early weeks of pregnancy (<20 weeks), D-dimer remains a useful test. 7 D-dimer levels are commonly elevated in patients older than 80 years of age. 15, 16 In these populations, measurement of D-dimer may not be useful. 18 Negative likelihood ratios <0.1 generate large and conclusive changes, and negative likely ratios of 0.1 to 0.2 generate moderate shifts 19 when the probability of PE is assessed with D-dimer in combination with pretest clinical probability. Likelihood ratios for a negative test are calculated as (1 À sensitivity)/specificity. 19, 20 The ELISA and quantitative rapid ELISA have negative likelihood ratios that would usually generate conclusive changes from pretest to posttest probability and provide high certainty for excluding PE. 4 The negative likelihood ratio of the quantitative latex agglutination assay, 0.24, was not as low as the quantitative rapid ELISA assay, 0.13, when using a cutoff value of 500 ng/mL. 4 Combining a negative rapid ELISA result with a low or moderate clinical probability for PE rules out PE. 4 The non-ELISA assays at a cutoff value of 500 ng/mL, when combined with a low clinical probability for PE, but not moderate clinical probability, also provide a reasonable certainty of ruling out PE. 4, [21] [22] [23] At a cutoff of 250 ng/mL, the negative likelihood ratio of quantitative latex agglutination test is 0.14. 4 This is similar to the negative likelihood ratio of quantitative rapid ELISA at a cutoff of 500 ng/mL, which is 0.13. 4 This value of negative likelihood ratio would permit exclusion of PE with a negative D-dimer and intermediate as well as low clinical probability. Using the manufacturer's data with a cutoff of 230 ng/mL, the negative likelihood ratio would be even lower, thereby permitting exclusion of PE with a low or intermediate clinical probability of PE. Strength of this investigation is that it shows levels of Ddimer for individual illnesses or clinical features that may raise a suspicion of PE. Although the specificity of D-dimer has been investigated extensively, there are sparse data on specificity for individual illnesses or symptom complexes in the differential diagnosis of PE. There is a particular need to evaluate specificity of D-dimer with latex agglutination assay using a cutoff of 230 ng/mL. This cutoff is well below the cutoff used for ELISA (500 ng/mL), which has been tested more extensively. A weakness is that we have small number of patients with several illnesses that raise a suspicion of PE. Another weakness is that the investigation was retrospective. This prevented us from obtaining information on severity of the disease and its relation to the specificity of D-dimer. We did not evaluate renal function. Patients with impaired renal function have higher levels of D-dimer than those with normal renal function and more often have an abnormal level of Ddimer. 14 A high proportion of patients with a positive D-dimer test, but without PE, has resulted in a cost-efficacy imbalance in the diagnostic strategies based on D-dimer testing. 24 It has been questioned whether implementing a costly diagnostic workup in a population with a low prevalence of PE is reasonable. 24 There is a need to evaluate which patients with an elevated D-dimer test should undergo a diagnostic workup. 24 There may be a place for tailoring cutoff values according to the clinical probability of PE and/or individual patient characteristics. 25, 26 In patients with suspected PE who have a Ddimer level <500 ng/mL by quantitative latex agglutination assay and a low clinical probability of PE, the negative likelihood ratio is sufficiently low to exclude PE with reasonable certainty 4 and spare patients the radiation of CT pulmonary angiography.
In conclusion, D-dimer with quantitative latex agglutination assay at a cutoff of 230 ng/mL was normal in 83% of the patients in the emergency department with conditions that raised a suspicion of PE. When D-dimer was elevated, the values were usually between 230 and 500 ng/mL. Patients with a low clinical probability of PE and D-dimer by quantitative latex agglutination assay between 230 and 500 ng/mL do not need to undergo CT pulmonary angiography, because it was previously shown that the negative likelihood ratio is sufficiently low to exclude PE in such patients with reasonable certainty. Tailoring the cutoff value to 500 ng/mL in patients with a low probability clinical assessment would have reduced the number of CT pulmonary angiograms by over one-third.
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